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(57) Abstract: 

PURPOSE: To operate the catalyst warming up oper- 
ation adequately regardless of the deteriorating condi- 
tion of a catalyst. 

CONSTITUTION: A control circuit 10 to control the 
warming up operation of a catalyst 1 2 is provided, and 
it decides whether the catalyst is activated or not de- 
pending on the output of an O a , sensor 13 provided at 
the upstream side of the catalyst, and the output of an 
O a sensor 15 provided at the downstream side. When 
catalyst is not activated, the ignition timing lag angle 
of an engine 1, and the opening of an idle speed con- 
trol valve (ISC valve) 22 are increased so as to raise 
the temperature of the catalyst 12. Since the catalyst 
warming up operation is carried out by detecting di- 
rectly the activating condition of the catalyst, a useless 
warming up operation of the catalyst is prevented, as 
well as the catalyst is activated securely in a short time. 
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CLAIMS 

[Claim(s)] 

[Claim 1]An exhaust emission control device of an internal-combustion engine characterized by comprising 
the following. 

A three way component catalyst provided in a flueway of an internal-combustion engine. 

An upstream air fuel ratio sensor which is formed in an upstream flueway of this three way component 

catalyst, and detects an exhaust air fuel ratio of the three way component catalyst upstream. 

A downstream air fuel ratio sensor which is formed in a downstream flueway of said three way component 

catalyst, and detects an exhaust air fuel ratio of the three way component catalyst downstream. 

An air-fuel ratio control means which controls an air-fuel ratio of said organization based on said upstream 

air-fuel ratio sensor output at least, A catalyst non-active-state detection means to detect that said three way 

component catalyst is in a non-active state based on said upstream air-fuel ratio sensor output and said 

downstream air-fuel ratio sensor output, A catalytic activation means to perform operation of controlling said 

three way component catalyst temperature-up means, and raising temperature of said three way component 

catalyst when it is detected a catalyst temperature-up means to raise temperature of said three way 

component catalyst, and said three way component catalyst being in a non-active state. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the exhaust emission control device which can perform 
suitable catalyst warming-up operation according to the grade of degradation of a three way component 
catalyst in detail about the exhaust emission control device of an internal-combustion engine. 
[0002] 

[Description of the Prior Art]The exhaust emission control device of the internal-combustion engine which 
has arranged the catalytic converter which used for the flueway of the internal-combustion engine 
simultaneously the three way component catalyst which can be purified for HC under exhaust air, CO, and 
three detrimental constituents of NO x is used more widely than before. Generally, unless the three way 
component catalyst used for the above exhaust emission control devices becomes the temperature beyond 
a certain temperature (activation temperature), it does not demonstrate exhaust-air-purification capability. 
For this reason, warming-up operation of what is called a catalyst of raising the temperature of the exhaust 
air which passes a catalyst by carrying out the angle of delay of the organization ignition timing, for example 
or other means, and making catalyst temperature reaching activation temperature at an early stage is 
performed at the time of start up between the organization colds, etc. 

[0003]On the other hand, the activation temperature of a catalyst always is not constant, and with a new 
catalyst, in order for active temperature to show the tendency to go up as activation temperature is 
comparatively low and degradation of a catalyst progresses, it is necessary to perform warming-up operation 
of the above-mentioned catalyst according to the deterioration degree of a catalyst. For example, to JP.60- 
153473.A. Catalyst temperature is detected, and when this catalyst temperature is below the prescribed 
temperature defined beforehand, while carrying out the angle of delay of the organization ignition timing and 
performing catalyst warming-up operation, the exhaust emission control device of the internal-combustion 
engine it was made to raise the above-mentioned prescribed temperature along with the increase in the 
cumulative operating time of an organization is indicated. 

[0004]Since it is thought that the deterioration degree of a catalyst advances as a hour of use, i.e., the 
cumulative operating time of an organization, increases, the activation temperature of a catalyst is also 
considered to become high as organization cumulative operating time increases. It sets up beforehand 
become high in the device of the above-mentioned gazette, as organization cumulative operating time 
increases said prescribed temperature, When the actually detected catalyst temperature is below the above- 



mentioned prescribed temperature, catalyst warming up by the ignition-timing angle of delay is performed as 
what the catalyst is not activating and catalyst temperature becomes more than the above-mentioned 
prescribed temperature, it is made to suspend catalyst warming up as what the catalyst activated. 
[0005] 

[Problem(s) to be Solved by the lnvention]However, judgment whether catalyst temperature reached the 
prescribed temperature determined based on the cumulative operating time of an organization like the 
device of above-mentioned JP,60-153473,A and whether the catalyst was activated with the chisel may 
produce a problem actually. That is, since the activation temperature of a catalyst is not determined by only 
the hour of use and changes the degradation state of a catalyst with the condition of use of an organization, 
or dispersion for every product, even if it is the same hour of use (cumulative operating time), the activation 
temperature of a catalyst may not necessarily be in agreement. For this reason, if the existence of the 
activity of a catalyst is judged [ whether catalyst temperature reached prescribed temperature and ] with the 
chisel like the device of the above-mentioned gazette, In spite of fully not activating the catalyst actually, 
catalyst warming-up operation will stop, and activation of a catalyst is overdue, and exhaust property gets 
worse, or, Since the catalyst warming-up operation by the ignition-timing angle of delay is continued in spite 
of fully activating the catalyst actually, problems, such as a fall of an engine output and fuel consumption 
increase, arise. 

[0006]ln order to solve this problem, it is necessary to detect the existence of activation of a catalyst 
indirectly using catalyst temperature etc., but to detect the existence of activation of a catalyst directly, and 
to control warming-up operation of a catalyst based on this detection result. An object of this invention is to 
provide the exhaust emission control device of the internal-combustion engine which direct detection of the 
existence of activation of a catalyst is carried out, and can perform catalyst warming-up operation in view of 
the above. 
[0007] 

[Means for Solving the Problem]An upstream air fuel ratio sensor which according to this invention is formed 
in an upstream flueway of a three way component catalyst provided in a flueway of an internal-combustion 
engine, and this three way component catalyst, and detects an exhaust air fuel ratio of the three way 
component catalyst upstream, A downstream air fuel ratio sensor which is formed in a downstream flueway 
of said three way component catalyst, and detects an exhaust air fuel ratio of the three way component 
catalyst downstream, An air-fuel ratio control means which controls an air-fuel ratio of said organization 
based on said upstream air-fuel ratio sensor output at least, A catalyst non-active-state detection means to 
detect that said three way component catalyst is in a non-active state based on said upstream air-fuel ratio 
sensor output and said downstream air-fuel ratio sensor output, When it is detected a catalyst temperature- 
up means to raise temperature of said three way component catalyst, and that said three way component 
catalyst is in a non-active state, an exhaust emission control device of an internal-combustion engine 
provided with a catalytic activation means to perform operation of controlling said three way component 
catalyst temperature-up means, and raising temperature of said three way component catalyst is provided. 
[0008] 

[Function]lt detects that a catalyst non-active-state detection means has a three way component catalyst in 
a non-active state based on an upstream air-fuel ratio sensor output and a downstream air-fuel ratio sensor 
output, and a catalytic activation means warms up a catalyst, only when it is detected by a catalyst non- 



active-state detection means that a catalyst is in a non-active state. For this reason, when the catalyst is not 
actually being activated irrespective of catalyst temperature, warming-up operation is performed, and since 
warming-up operation is suspended when a catalyst is actually activated, suitable warming-up operation is 
performed according to the deterioration degree of a catalyst. 
[0009] 

[Example]Hereafter, the example of this invention is described using an accompanying drawing. Drawing 1 
is the whole internal-combustion engine schematic diagram which applied the exhaust emission control 
device of this invention. In drawing 1 , the airflow meter with which provide 1 in an internal combustion 
engine body, 2 was provided in the suction passage, and 3 was provided in the suction passage is shown. 
Direct measuring of the suction air quantity is carried out, the movable vane type air flow meter etc. which 
contained the potentiometer are used, and the air flow meter 3 generates the output signal of the analog 
voltage proportional to suction air quantity. This output signal is inputted into A/D converter 101 with a built- 
in multiplexer of the control circuit 10. The crank angle sensor 5 which converts into a crank angle and 
generates the pulse signal for reference position detection every 720 degrees, and the crank angle sensor 6 
which converts into a crank angle and generates the pulse signal for crank angle detection every 30 degrees 
are formed for the axis in the distributor 4, respectively. The pulse signal of these crank angle sensors 5 and 
6 is supplied to the input/output interface 102 of the control circuit 10, among these the output of the crank 
angle sensor 6 is supplied to the interruption terminal of CPU 1 03. 

[0010]The fuel injection valve 7 for supplying application-of-pressure fuel to an inlet port from a fuel supply 
system for every cylinder is formed in the suction passage 2. The idle switch 17 which generates the signal 
which shows whether the throttle valve 16 is in a full-close state, i.e., LL signal, is formed in the throttle valve 
16 of the suction passage 2. This idol status-out-put signal LL is supplied to the input/output interface 102 of 
the control circuit 10. 

[001 1]ln this example, the bypass channel 21 which bypasses the throttle valve 16, and the idle speed 
control valve (ISC valve) 22 which controls the air content which flows through this bypass channel 21 are 
formed in the suction passage 2. It is used for ISC valve 22 being a flow control valve driven with the 
actuator of proper forms, such as a stepper motor, operating with the output signal from the control circuit 
10, adjusting the engine intake air quantity at the time of an idol, and controlling the idle rpm of an 
organization to target revolving speed. 

[0012]ln this example, ISC valve 22 functions by raising organization idle rpm also as a part of catalyst 
temperature-up means to increase the amount of exhaust streams and to raise catalyst temperature, when 
the catalyst is not being activated like the after-mentioned. The water temperature sensor 9 for detecting the 
temperature of cooling water is formed in the engine water jacket 8 of the cylinder block of the main part 1 of 
an organization. The water temperature sensor 9 generates the electrical signal of the analog voltage 
according to the temperature of cooling water. This output is also supplied to A/D converter 101. 
[0013]The catalytic converter 12 which accommodates the three way component catalyst which purifies 
simultaneously the three detrimental constituents HC and CO and NO x in exhaust gas is formed in the 
downstream exhaust system from the exhaust manifold 1 1 of the organization 1 . The upstream air fuel ratio 
sensor (this example 0 2 sensor) 13 and the downstream air fuel ratio sensor (this example 0 2 sensor) 15 

are formed in the exhaust manifold 1 1 of the upstream of the catalytic converter 12, and the exhaust pipe 14 



of the downstream of the catalytic converter 1 2, respectively. 

[0014]The 0 2 sensors 13 and 15 detect the oxygen component concentration in exhaust gas, and generate 
the output voltage from which an air-fuel ratio differs according to the Lean side and a rich side to theoretical 
air fuel ratio. The output voltage of the 0 2 sensors 13 and 15 is supplied to A/D converter 101 of the control 
circuit 10. It is the secondary air introduction inlet valve which 18 showed to drawing 1 , and is for supplying 
secondary air to the exhaust manifold 1 1 from air supplies, such as an air pump which is not illustrated at 
the time of a slowdown or an idol, etc., and reducing HC and CO emission. 

[0015]The control circuit 10 is constituted, for example as a microcomputer, and ROM104, RAM105, backup 
RAM 106, and clock generation circuit 107 grade other than A/D-converter 101 , input/output interface 102, 
and CPU 103 are provided. In this example, the control circuit 10 performs basic control, such as fuel 
injection control of the organization 1, and ignition timing control, and also. The function as each means 
indicated to claims 1, such as an air-fuel ratio control means which controls an engine air fuel ratio like the 
after-mentioned, a catalyst non-active-state detection means to detect whether the catalyst 12 is in an active 
state, and a catalytic activation means to control the angle of delay and ISC valve 22 of organization ignition 
timing, and to perform catalyst warming up, is achieved. 

[0016]ln the control circuit 10, it is for the down counter 108, the flip-flop 109, and the drive circuit 110 
controlling the fuel injection valve 7. That is, in the below-mentioned routine, if the fuel oil consumption 
(injection time) TAU calculates, the injection time TAU will be preset by the down counter 108, and the flip- 
flop 109 will be set. As a result, the drive circuit 110 starts energization of the fuel injection valve 7. On the 
other hand, when the down counter 108 calculates a clock signal (not shown) and the output terminal is set 
to "1" level at the last, the flip-flop 109 is set and the drive circuit 110 stops energization of the fuel injection 
valve 7. That is, as for the fuel injection valve 7, only the above-mentioned fuel injection duration TAU will be 
energized, and the fuel of quantity according to the time TAU will be supplied to the combustion chamber of 
the organization 1 . 

[0017]The input/output interface 102 of the control circuit 10 is connected to the firing circuit 112. 
Ignition timing of the organization 1 is controlled. 

That is, after inputting the reference crank angle pulse signal of the crank angle sensor 6 into the 
input/output interface 102, the control circuit 10 outputs an ignition signal to the firing circuit 112, whenever a 
crankshaft reaches predetermined angle of rotation, and it makes the spark plug (not shown) of each 
cylinder generate a spark. Ignition timing of the organization 1, the optimum value is stored in ROM104 of 
the control circuit 10 as a function of operating conditions, such as load (for example, suction air quantity per 
organization 1 rotation), and number of rotations. 

The optimal ignition timing is determined according to an operating condition. 

[0018]The intake air content data and cooling-water-temperature data of the air flow meter 3 are 
incorporated by the A/D conversion routine performed for every predetermined time or specified crank angle, 
and are stored in the predetermined region of RAMI 05. That is, the intake air content data and cooling- 
water-temperature data in RAMI 05 are updated for every predetermined time, rotational speed data - 30- 
degreeCA (crank angle) of the crank angle sensor 6 - each time - it calculates by interruption and is stored 
in the predetermined region of RAMI 05. 



[0019]ln this example, the control circuit 10 performs the 1st Air Fuel Ratio Control that controls an engine 
air fuel ratio based on upstream 0 2 sensor 13 output, and the 2nd Air Fuel Ratio Control that amends this 
1st Air Fuel Ratio Control based on downstream 0 2 sensor 15 output. Hereafter, this the 1st and 2nd Air 
Fuel Ratio Control that are performed by the control circuit 10 using drawing 6 f rom drawing 2 are explained. 

f0020] Drawing 2 and drawing 3 show the 1st air-fuel ratio feedback control routine that calculates the air-fuel 
ratio correction factor FAF based on the output of the upstream 0 2 sensor 13. This routine is performed 4 
ms of predetermined time, for example, every. In Step 201, it is distinguished whether the closed-loop 
(feedback) conditions of the air-fuel ratio by the upstream 0 2 sensor 13 are satisfied. When cooling water 
temperature is below a predetermined value (for example, 70 **), for example, under organization start up, 
During the increase in quantity after start up, warming-up increase in quantity, and power increase in 
quantity, during the fuel-oil-consumption increase in quantity for catalyst overheat prevention, when the 
output signal of the upstream 0 2 sensor 13 is not once reversed, each fuel cut middle class has abortive 
closed-loop conditions, and the case of others is closed-loop condition formation. When closed-loop 
conditions are abortive, it progresses to drawing 3 and Step 225, and the air-fuel ratio feedback flag XMFB 
is set to "0", it progresses to Step 226, and a routine is ended. It is good also considering the air-fuel ratio 
correction factor FAF as 1.0. On the other hand, in closed-loop condition formation, it progresses to Step 
202. 

[0021 ]or [ that carry out the A/D conversion of the output VOM of the upstream 0 2 sensor 13, incorporate it 
in Step 202, and an air-fuel ratio is rich by whether VOM is below comparison voltage V R1 at Step 203 ] -- it 
is distinguished whether you are Lean. Comparison voltage V R1 usually takes the voltage of the amplitude 
center of 0 2 sensor output, and is V R1 =0.45V in this example. Steps 204-209 and Steps 210-215 show the 
setting operation of FU air-fuel ratio flag F1 based on the value of upstream 0 2 sensor 13 output judged at 
Step 203. 

[0022]Air-fuel ratio flag F1 is a flag with which the exhaust air fuel ratio of the catalyst 12 upstream shows 
Rich or Lean. 

the value of flag F1 - countdown (at the time of a lean air fuel ratio) or count-up (at time of rich air fuel ratio) 
operation of the delay counter CDLY - a time delay (TDL.) predetermined in upstream (Steps 206 and 212) 
0 2 sensor 13 output More than TDR is changed into 1 (rich)-O (Lean), or 0-1, when rich or it is held at Lean 

(Steps 207-209, Steps 213-215). 

TDL (Steps 207 and 208) is the Lean time delay for holding judgment that it is a rich condition even if the 
output of the upstream 0 2 sensor 13 changes from Rich to Lean here, It defines as a negative value, and 

TDR (Steps 213 and 214) is a rich time delay for holding judgment that it is in the Lean state, even if the 
output of the upstream 0 2 sensor 13 changes from Lean richly, and it is defined by the positive value. 

[0023]Next, in Step 216, it is distinguished whether the air-fuel ratio whether the numerals of air-fuel ratio 
flag F1 were reversed and after delay processing was reversed. If the air-fuel ratio is reversed, the reversal 
to Lean from Rich and the reversal to Rich from Lean will be distinguished with the value of air-fuel ratio flag 



F1 at Step 217. If it is reversal to Lean from Rich, the air-fuel ratio correction factor FAF will be increased in 
skip with FAF<-FAF+RSR at Step 218, and an air-fuel ratio will be amended to a rich side. If it is reversal to 
Rich from Lean conversely, at Step 219, FAF<-FAF-RSL and FAF will be decreased in skip, and an air-fuel 
ratio will be amended to the Lean side. That is, skip processing is performed. 

[0024]lf the numerals of air-fuel ratio flag F1 are not reversed at Step 216, integration treatment is performed 
at Step 220,221 ,222. That is, it distinguishes whether it is F1= "1" at Step 220, if it is F1= "0" (Lean), it will be 
considered as FAF<-FAF+KIR at Step 221, and if it is another side and F1= "1" (rich), it will be considered 
as FAF<-FAF-KIL at Step 222. Here, the constant of integration KIRKIL is set up small enough as compared 
with the skip amount RSRRSL, and is KIR(KIL) <RSR (RSL). Therefore, Step 221 makes an air-fuel ratio 
shift to a rich side gradually in the state of Lean (F1= "0"), and Step 222 makes an air-fuel ratio shift to the 
Lean side gradually in a rich condition (F1= "1"). 

[0025]Next, in Step 223, the air-fuel ratio correction factor FAF calculated at Step 218,219,221,222 is 
guarded at the minimum, for example, 0.8, and is guarded at the maximum, for example, 1.2. When the air- 
fuel ratio correction factor FAF becomes large too much by a certain cause or it becomes small too much by 
this, it prevents controlling the air-fuel ratio of an organization by the value, and becoming the Oba richness 
and Oba Lean. 

[0026]ln Step 224, the air-fuel ratio feedback flag XMFB is set to "1", FAF calculated like **** is stored in 
RAM 105, and this loop is ended at Step 226. Next, the case where this invention is applied to the double 0 2 

sensor system which performs feed back control of air-fuel ratio using both output VOM of the upstream 0 2 

sensor 13 and output VOS of the downstream 0 2 sensor 15 is explained. 

r00271 Drawing 4 is drawing 2 and a timing diagram which explains supplementarily operation by the flow 
chart of drawing 3 . If air-fuel ratio signal A/F of richness and the Lean distinction is obtained as output VOM 
of the upstream 0 2 sensor 13 shows to drawing 4 (A), as shown in drawing 4 (B), the delay counter CDLY 
will be counted up by a rich condition, and will be counted down in the state of Lean. As a result, as shown 
in drawing 4 (C), air-fuel ratio signal A/F' (equivalent to flag F1) by which delay processing was carried out is 
formed. For example, even if air-fuel ratio signal A/F' changes from Lean richly in time t^ air-fuel ratio signal 

A/F' by which delay processing was carried out changes richly at time t 2> after only rich time delay TDR is 

held at Lean. Even if air-fuel ratio signal A/F changes from Rich to Lean in time t 3 , air-fuel ratio signal A/F' by 

which delay processing was carried out changes to Lean in time t 4> after only an equivalent for the Lean 

time delay (-TDL) is held richly. However, if air-fuel ratio signal A/F is reversed in the period shorter than rich 
time delay TDR like the time t g t g and t 7 , Time is taken for the delay counter CDLY to reach maximum TDR, 

and, as a result, air-fuel ratio signal A/F' after delay processing is reversed in time t g . That is, air-fuel ratio 
signal A/F' after delay processing becomes stable compared with air-fuel ratio signal A/F before delay 
processing. Thus, the air-fuel ratio correction factor FAF shown in drawing 4 (D) based on stable air-fuel 
ratio signal A/F' after delay processing is obtained. 

[0028]Next, the 2nd feed back control of air-fuel ratio by the downstream 0 2 sensor 15 is explained. As the 
2nd feed back control of air-fuel ratio, the skip amount RSR as 1st air-fuel ratio feedback control parameter, 



RSL, There are a system which makes variable comparison voltage V R1 of output VOM of the constant of 
integration KIR, KIL, the time delays TDR and TDL, or the upstream 0 2 sensor 13, and a system which 
introduces air-fuel ratio correction factor FAFof ** 2nd2. 

[0029]For example, if a control air-fuel ratio can be shifted to a rich side and another side and the Lean skip 
amount RSL are enlarged even if a control air-fuel ratio can be shifted to a rich side and it will make the 
Lean skip amount RSL small, if the rich skip amount RSR is enlarged, A control air-fuel ratio can be shifted 
to the Lean side, and even if it makes the rich skip amount RSR small, a control air-fuel ratio can be shifted 
to the Lean side. Therefore, an air-fuel ratio is controllable by amending the rich skip amount RSR according 
to the output of the downstream 0 2 sensor 15. If a control air-fuel ratio can be shifted to a rich side and 
another side and the Lean constant of integration KIL are enlarged even if a control air-fuel ratio can be 
shifted to a rich side and it will make the Lean constant of integration KIL small, if the rich constant of 
integration KIR is enlarged, A control air-fuel ratio can be shifted to the Lean side, and even if it makes the 
rich constant of integration KIR small, a control air-fuel ratio can be shifted to the Lean side. Therefore, an 
air-fuel ratio is controllable by amending the rich constant of integration KIR and the Lean constant of 
integration KIL according to the output of the downstream 0 2 sensor 15. If the Lean time delay (-TDL) is set 
up small greatly [ TDR / rich time delay ], the control air-fuel ratio can shift to a rich side, and if a rich time 
delay (TDR) is set up small greatly [ time delay / (-TDL) / Lean ] conversely, the control air-fuel ratio can shift 
to the Lean side. That is, an air-fuel ratio is controllable by amending the time delays TDR and TDL 
according to the output VOS of the downstream 0 2 sensor 15. If comparison voltage V R1 is enlarged, a 
control air-fuel ratio can be shifted to a rich side further again, and if comparison voltage V R1 is made small, 
a control air-fuel ratio can be shifted to the Lean side. Therefore, an air-fuel ratio is controllable by amending 
comparison voltage V R1 according to the output VOS of the downstream 0 2 sensor 15. 
[0030]Making variable these skip amounts, a constant of integration, a time delay, and comparison voltage 
by a downstream 0 2 sensor has the strong point in each. For example, adjustment of a very delicate air-fuel 
ratio is possible by making a time delay variable, and good control of a response is possible, without 
lengthening the feedback period of an air-fuel ratio like a time delay by making a skip amount variable. 
Therefore, naturally these two or more variable quantity is put together, and may be used. 
[0031]Next, the double 0 2 sensor system which made variable the skip amount as an air-fuel ratio feedback 
control parameter is explained. Drawing 5 and drawing 6 are the 2nd [ based on the output VOS of the 
downstream 0 2 sensor 15 ] air-fuel ratio feedback control routine, and are performed 512 ms of 
predetermined time, for example, every. In Steps 501-506, it is distinguished whether it is an article affair in 
which the closed-loop-control conditions by downstream 0 2 sensor 15 output are satisfied. For example, it is 
adding to the failure (Step 501) of the closed-loop conditions by the upstream O 2 sensor 13, When the 

cooling water temperature THW is below a predetermined value (for example, 70 **) (Step 502), When the 
throttle valve 16 is full close (LL= "1") (Step 503), When secondary air is introduced based on revolving 
speed N e , the vehicle speed, signal LL of the idle switch 17, the cooling water temperature THW, etc. (Step 

504), At the time of a light load (when suction-air-quantity Q/N e per organization 1 rotation is smaller than 



predetermined value X ) (Step 505). Closed-loop conditions have an abortive time (Step 506) of the 
downstream 0 2 sensor 15 not being activated, etc., and the case of others is closed-loop condition 
formation. If it is closed-loop condition failure, it will progress to Step 519 and the air-fuel ratio feedback flag 
XSFB will be reset ("0"), if it is closed-loop condition formation, it will progress to Step 508 and the air-fuel 
ratio feedback flag XSFB will be set ("1"). 

[0032]The flow of Steps 509-518 is explained, or [ with a rich air-fuel ratio / that Step 509 carries out the A/D 
conversion of the output VOS of the downstream 0 2 sensor 15, incorporates it, and distinguishes whether 
VOS is below comparison voltage V R2 (for example, V R2 =0.55V) at Step 510 / which is got blocked ] - it is 
distinguished whether you are Lean. Although comparison voltage V R2 is set up in the upper stream of the 
catalytic converter 12, and the lower stream in consideration of it differing from degradation speed that the 
output characteristics under the influence of raw gas differ etc. more highly than comparison voltage V R1 of 
the output of the upstream 0 2 sensor 13, this setting out may be arbitrary. As a result, if it is VOS<=V R2 
(Lean), it will progress to Steps 51 1 and 512,513, and if it is VOS>V R2 (rich), it will progress to Step 
514,515,516. Namely, it is referred to as RSR<-RSR+delta RS (deltaRS is constant value) in Step 511, That 
is, increase the rich skip amount RSR, make an air-fuel ratio shift it to a rich side, and in Step 512,513. 
Guard RSR at the maximum MAX (=0.075) and it is referred to as RSR<-RSR-delta RS at another side and 
Step 514, That is, decrease the rich skip amount RSR, an air-fuel ratio is made to shift to the Lean side, and 
RSR is guarded at the minimum MIN (=0.025) by Step 515,516. The minimum MIN is a value of the level 
with which transient flattery nature is not spoiled, and the maximum MAX is a value of the level which 
aggravation of drivability does not generate by air fuel ratio fluctuation. 

[0033]The Lean skip amount RSL is set to RSL<-0.1-RSR in Step 517. That is, it is referred to as 
RSR+RSL=0.1 . In Step 518, the skip amount RSRRSL is stored in RAM105, it progresses to Step 520, and 
a routine is ended. 

r00341 Drawing 7 is an injection-quantity operation routine, and is performed 360 degrees of a specified 
crank angle, for example, every. In Step 701, from RAM105, intake-air-content-data Q and rotational-speed- 
data N e are read, and the basic injection quantity TAUP (injection time when TAUP obtains theoretical air 
fuel ratio) is calculated. For example, it is considered as TAUP<-alpha-Q/N e (alpha is a constant). In Step 
702, the last injection quantity TAU is calculated by TAU<-TAUP-FAF-beta+gamma. beta and gamma are 
correction amounts which become settled with other operational status parameters. Subsequently, the 
injection quantity TAU is set to the down counter 108, and the flip-flop 109 is set and fuel injection is made to 
start at Step 703. And this routine is ended at Step 704. 

[0035]lf time to be equivalent to the injection quantity TAU like **** passes, with the output signal of the 
down counter 108, the flip-flop 109 will be reset and fuel injection will be ended. Next, catalyst warming-up 
control of this example is explained. In this example, the catalyst 12 is being activated based on the 
upstream 0 2 sensor 13 and the downstream 0 2 sensor 15, or (is exhaust-air-purification capability 
demonstrated?) the control circuit 10 judges whether it is no so that it may mention later, When the catalyst 
12 is judged to be in a non-active state, while carrying out the angle of delay of the ignition timing, the 
opening of above-mentioned ISC valve 22 is made to increase. 



[0036]By carrying out the angle of delay of the organization ignition timing, in order for combustion in each 
cylinder to arise near the exhaust stroke, an exhaust-gas temperature rises, by making the opening of ISC 
valve 22 increase further, engine intake air quantity increases and exhaust gas volume increases. For this 
reason, the temperature of the exhaust gas which flows into the catalyst 12 rises, and since an exhaust gas 
flow rate moreover also increases, warming up of the catalyst 12 is promoted. If the temperature of the 
catalyst 12 rises by the above-mentioned warming-up operation and the catalyst 12 is activated, the control 
circuit 10 will set the opening of ISC valve 22 as the optimal opening which becomes settled according to 
operational status while it carries out the tooth lead angle of the organization ignition timing and setting it as 
optimal ignition timing. When the catalyst 12 is activated and a normal exhaust-air-purification operation is 
started by this, ignition timing and ISC valve 22 opening will usually return to the value at the time of 
operation promptly. 

[0037]Hereafter, catalyst warming-up control of this example is divided into the determining operation of the 

active state of ** catalyst, and warming-up operation of ** catalyst, and is explained. 

[0038]** Judge whether the catalyst 12 is in an active state using 0 2 storage operation of the catalyst 12 in 

determining operation this example of a catalytic activity state. That is, 0 2 storage operation which emits the 
oxygen to which it stuck when the three way component catalyst adsorbed surplus oxygen under exhaust air 
when an exhaust air fuel ratio is generally Lean and the exhaust air fuel ratio became rich is performed. If 
feedback control of the organization 1 is carried out as mentioned above based on the output of the 0 2 
sensors 13 and 15, As shown in drawing 4 , an engine air fuel ratio (FAF) will be periodically changed 
between a rich air fuel ratio and a lean air fuel ratio, and the air-fuel ratio of the exhaust air which flows into a 
catalyst will also be periodically changed between a rich air fuel ratio and a lean air fuel ratio. When a 
catalyst is activated and it is functioning normally, When the air-fuel ratio of the flowing exhaust air sways to 
the Lean side by above-mentioned 0 2 storage operation, a catalyst is adsorbed in oxygen of the surplus 
under exhaust air, Since the adsorbed oxygen is emitted to exhaust air when the air-fuel ratio of the flowing 
exhaust air sways to a rich side, the air fuel ratio fluctuation of the exhaust air which passed the catalyst 
becomes small, and is maintained near the theoretical air fuel ratio. 

[0039]However, since 0 2 storage operation of the catalyst 12 falls when a catalyst is in a non-active state 

and is not functioning normally, the air fuel ratio fluctuation of the exhaust air which passed the catalyst 
becomes large, and it comes to change it periodically in connection with the air fuel ratio fluctuation of the 
exhaust air which flows into a catalyst. Therefore, it is correctly detectable by measuring upstream 0 2 
sensor 13 output and downstream 0 2 sensor 15 output whether the catalyst 12 is being activated. 
f0040] Drawing 8 (A) (B) shows change of the 0 2 sensor 13 output VOM [ of the catalyst 12 upstream of air- 
fuel ratio feedback system Messrs. ], and downstream 0 2 sensor 15 output VOS, Drawing 8 (A) About the 

case where the catalyst 12 is activated and it is functioning normally, it is drawing 8 (B). The case where the 
catalyst 12 is in a non-active state is shown, respectively. As air-fuel ratio feedback system Messrs. were 
shown in drawing 4 , in order that change may be repeated periodically [ an engine air fuel ratio ] between a 
rich air fuel ratio and a lean air fuel ratio, Upstream 0 2 sensor 13 output VOM will also repeat a periodic 

change between a rich air fuel ratio equivalent output (for example, 0.9 volt) and a lean air fuel ratio 



equivalent output (for example, 0.1 volt) (refer to drawing 8 (A) (B) VOM). 

[0041 ]On the other hand, when the catalyst 12 is in an active state and is functioning normally, Since the air 
fuel ratio fluctuation of the exhaust air which passed the catalyst is eased by 0 2 storage operation of the 
catalyst 12, Even if it is changing the exhaust air fuel ratio of the catalyst upstream, the exhaust air fuel ratio 
of the catalyst downstream is maintained by abbreviated theoretical air fuel ratio, and the downstream 0 2 
sensor 15 output VOS is changed in between a rich side and the Lean sides a long cycle (refer to drawing 8 
(A) VOS). In this state, it is drawing 8 (A). The locus length of the downstream 0 2 sensor 15 output VOS is 
comparatively small, and the area of the portion surrounded by the output VOS and reference voltage V R2 is 
comparatively large so that it may be shown. 

[0042]When the catalyst 12 is in a non-active state, The exhaust air fuel ratio of the catalyst 12 downstream 
comes to repeat the same periodic change with exhaust air fuel ratio change of the upstream for the fall of 
0 2 storage operation of the catalyst 12, The downstream 0 2 sensor 15 output VOS comes (refer to drawing 
8JB)) to repeat the same change as upstream 0 2 sensor 13 output VOM. In this state, it is drawing 8 (B). 
The locus length of the downstream 0 2 sensor 15 output VOS becomes comparatively large, and the area 
of the portion surrounded by the output VOS and reference voltage V R2 becomes comparatively small so 
that it may be shown. 

[0043]ln this example, the control circuit 10 The ratio of locus length LVOS of the downstream 0 2 sensor 15 
output VOS, and locus length LVOM of upstream 0 2 sensor 13 output VOM, LRATIO 
(LRATIO=LVOS/LVOM) - and, The area ARATIO (ARATIO=AVOS/AVOM) surrounded by the area AVOS 
and upstream 0 2 sensor 13 output VOM which are surrounded by the downstream 0 2 sensor 15 output 
VOS and reference voltage V R2 , and reference voltage V R<| is calculated, When LRATIO and ARATIO have 
a fixed relation, it is judged that the catalyst 12 is in a non-active state. 

[0044]That is, the catalyst 12 will be from a non-active state in an active state, the locus length ratio LRATIO 
becomes small as the exhaust-air-purification capability of a catalyst increases, and the surface ratio 
ARATIO becomes large conversely. Then, in this example, when the relation between the locus length ratio 
LRATIO and the surface ratio ARATIO is in the field shown with the slash of drawing 9 using a judgment 
map as shown in drawing 9 , it is judged that the catalyst 12 is in a non-active state. 
[0045]The locus length ratio LRATIO which broke the locus length and area of the downstream 0 2 sensor 
15 output VOS by this example in the locus length and area of upstream 0 2 sensor 13 output VOM, 
respectively. ARATIO is used in order to eliminate the influence by change of the engine air fuel ratio upset 
condition by operational status and to judge catalytic activation correctly. In the judgment map of drawing 9 , 
when the locus length ratio LRATIO is below a predetermined value (K1), have judged with the catalyst 
having been activated irrespective of the value of the surface ratio ARATIO, but. If the catalyst is being 
activated when the engine air fuel ratio is controlled by small amplitude focusing on theoretical air fuel ratio, 
this, It is because it has a possibility of producing incorrect judgment when the exhaust air fuel ratio of the 
catalyst downstream stops almost changing, been in agreement with theoretical air fuel ratio, and becomes 
very small [ AVOS and AVOM ] and activation is judged based on ARATIO. 



r0046] Drawing 10 to drawing 13 is a flow chart which shows the routine of the above-mentioned catalytic 
activation judgment performed by the control circuit 10. This routine is performed 4 ms of fixed time, for 
example, every, it is judged [ drawing 10 and ] whether if it comes out and a routine starts, the conditions for 
a catalytic activation judging will be satisfied in Steps 1001-1004. Here, the conditions for a judgment are 
(1). The 1st Air Fuel Ratio Control by upstream 0 2 sensor 13 output is carried out, Namely, the thing for 
which the value of the flag XMFB ( drawing 2 , Steps 224 and 225) is set to 1 (Step 1001), (2) It is not 
detected that the output of the upstream 0 2 sensor 13 has stopped at the Lean side by RIN monitor beyond 
in predetermined time (Step 1002), (3) It is not detected that upstream 0 2 sensor 13 output has stopped at a 
rich side by rich monitor beyond in predetermined time (Step 1003), (4) The 2nd Air Fuel Ratio Control by 
downstream 0 2 sensor 15 output is carried out, That is, it is that the value of the flag XSFB ( drawing 5 , 
Steps 508 and 519) is set to 1 (Step 1004) etc., and only when all the above-mentioned conditions are 
satisfied, a 1005 or less-step catalytic activation judging is performed. 

[0047]The above-mentioned conditions (2) Having provided (3), Even if it is [ feed-back-control-of-air-fuel- 
ratio ] under execution by upstream 0 2 sensor 13 output, it is because a value with the effective area AVOM 
may not be obtained if it is changing while upstream 0 2 sensor 13 output VOM had inclined toward the Lean 
and rich side. When all of the above-mentioned conditions are materialized, it progresses to drawing 1 1 and 
Step 1005, and the locus length LVOM and the area AVOM of upstream 0 2 sensor 13 output calculate a 
routine by the following formulas. 
[0048] 

LVOM <- LVOM+|VOM - VOM M | AVOM <- AVOM+|VOM - V R1 | - here, VOM. ^ shows the value of VOM at 
the time of routine execution last time. That is, in this example, from change of upstream 0 2 sensor 13 
output VOM for every routine execution, as shown in drawing 13 , the locus length LVOM and the area 
AVOM are approximately determined as an integral value. Drawing 13 shows the case where an actually 
more quite long sampling period is taken to change of a sensor output, for explanation. In order to calculate 
locus length and area correctly, it may be made to calculate locus length and area in consideration of the 
waveform (inclination) of an output locus. 

[0049]Subsequently, in Step 1006, the locus length LVOS and the area AVOS of downstream 0 2 sensor 15 
output calculate by the following formulas like the above. 

At LVOS <- LVOS+|VOS - VOS.J AVOS <- AVOS+|VOS - V R2 | and Step 1007, the value of VOM. ^ and 
VOS. 1 is updated in preparation for next routine execution. 

[0050]After the above-mentioned operation, while it progresses to drawing 12 and Step 1009 and a routine 
counts up the counter CTIME, at Step 1010, it is judged whether the value of CTIME exceeded 
predetermined value C Q . Here, when C Q judges catalytic activation, it is the routine repeat frequency 

equivalent to the time which can obtain significant locus length and area. It is needed that it is more than 
several times of the richness of upstream 0 2 sensor 13 output and the number of times of reversal between 

Lean at least, and such an exact activation judging of this time is attained that this time is long. 
[0051]When the above-mentioned time has passed at Step 1010, the locus length ratio L RATIO and the 



surface ratio ARATIO are calculated as LRATIO <- LVOS/LVOMARATIO <- AVOS/AVOM at Step 101 1. 
[0052]Subsequently, at Steps 1012-1014, it is judged whether the catalyst 12 is being activated from the 
relation shown in drawing 9 using the locus length ratio LRATIO and the surface ratio ARATIO which were 
calculated by the above. That is, at Step 1012, it is judged whether the locus length ratio LRATIO is more 
than predetermined value K1 (refer to drawing 9 ),. since it will be thought that the catalyst 12 is being 
activated if it is LRATIO<K1, it progresses to Step 1014 and the value of catalytic activity status-flags FACT 
is set as 1 . 

[0053]moreover -- progressing to Step 1012, if it is LRATIO>=K1 - the ratio of the locus length ratio LRATIO 
and the surface ratio ARATIO -- it is judged whether the value of LRATIO/ARATIO is more than 
predetermined value K2 (refer to drawing 9 ). If it is LRATIO/ARATIO<K2, if the relation between the locus 
length ratio LRATIO and the surface ratio ARATIO is not contained in the slash field of drawing 9 , Since it 
will be thought that a catalyst is in a non-active state if the value of the flag FACT is set as 1 at Step 1014 
like the above and it is in LRATIO/ARATIO>=K2, i.e., the slash field of drawing 9 , the value of the flag FACT 
is set as zero at Step 1013. Variables, such as CTIME, LVOM, AVOM, LVOS, AVOS, VOM. y and VOS. _ y 
are cleared at the after-end step 1015, and this routine ends the above-mentioned step. 
[0054]** Warming-up operation drawing 14 of the catalyst shows the flow chart of the catalyst warming-up 
operation based on the above-mentioned catalytic activation decision result. This routine is performed by the 
control circuit 10, for example at drawing 12 and an interval shorter than predetermined time C Q of Step 
1010. In drawing 14 , a start of a routine will judge whether the catalyst 12 is being activated from the value 
of the catalytic activation flag FACT at Step 1401. 

[0055]When the catalyst 12 is in a non-active state (FACT=0), while the angle of delay of the organization 
ignition timing (BTDC) AIG is carried out only the predetermined value A1 at Step 1402, opening DISC of 
ISC valve 22 increases only the predetermined value A2 at Step 1403. When the catalyst 12 is being 
activated at Step 1401 (FACT=1), the tooth lead angle of the ignition timing AIG is carried out only A1 at 
Steps 1404 and 1405, and opening DISC of ISC valve 22 decreases only by A2. 
[0056]Subsequently, in Steps 1406-1409, the ignition timing AIG set up by the above is guarded by 
permission maximum angle-of-delay ignition-timing AIG MAX and optimal-ignition-timing AIG QpT of an 
organization. That is, the angle of delay of the ignition timing AIG is not carried out from AIG MAX , and a tooth 
lead angle is not carried out from optimal-ignition-timing AIG QpT . Here, optimal-ignition-timing AIG QpT is a 
value set up by the routine (not shown) separately performed by the control circuit 10 according to engine 
operation conditions. 

[0057]At Steps 1410-1413, ISC valve opening DISC is similarly guarded by allowable maximum opening 
DISC and optimal opening DISC set up according to operational status. Subsequently, at Step 1414, 

MAX I 

the ignition timing AIG and ISC valve opening DISC which were set up by the above are stored in RAMI 05, 
and a routine is ended. 

[0058]When the catalyst 12 is in a non-active state, the specified quantity [ every ] angle of delay of the 
organization ignition timing is carried out for every routine execution by the above-mentioned routine 
execution, and by it, an ISC valve opening increases the specified quantity every. After the temperature of 
the catalyst 12 rises by this and the catalyst 12 is activated, ignition timing and an ISC valve opening, until 



the optimal ignition timing and the optimal opening according to an engine operation state are obtained - 
every routine execution - respectively - a specified quantity [ every ] tooth lead angle - and it will decrease, 
and after reaching optimal ignition timing and the optimal opening, it will be maintained by the state, 
respectively. 

[0059]ln this example, in order to avoid the abrupt change of ignition timing and an ISC valve opening, set it 
as the variation A1 and the quantity in which A2 is comparatively small, instead have set up the routine 
execution interval comparatively short (at for example, drawing 12 and an interval shorter than 
predetermined time C Q of Step 1010), but. It is also possible to set the variation A1 and A2 as a 
comparatively big quantity, and to set up the real line spacing of this routine comparatively long (at for 
example, interval longer than the above-mentioned C Q ). 

[0060]As mentioned above, since opening increase of the angle of delay of ignition timing and an ISC valve 
is performed and the temperature of a catalyst continues rising when a catalyst is in a non-active state 
according to this example, even when activation temperature rises by degradation of a catalyst, it becomes 
possible to activate a catalyst certainly for a short time. Since the tooth lead angle of ignition timing and ISC 
valve opening reduction are conversely performed after a catalyst is activated, useless catalyst warming-up 
operation is prevented from catalyst warming-up operation always being performed in the necessary 
minimum range, and being performed. 

[0061]When degradation of a catalyst advances substantially, the case where it stops demonstrating 
exhaust-air-purification capability with a sufficient catalyst also by catalyst warming-up operation can be 
considered. Although not shown in drawing 14 , since it is coped with in such a case, it is also possible to 
generate an alarm signal, when the state ( drawing 14 step 1407) where the angle of delay of the ignition 
timing was carried out to the maximum carries out fixed time continuation, and to report the abnormalities of 
a catalyst to a driver. 
[0062] 

[Effect of the lnvention]ln this invention, only when direct detection of the existence of activation of a catalyst 
was carried out as mentioned above and a catalyst was in a non-active state, it was made to perform 
catalyst warming-up operation. 

Therefore, while being able to activate a catalyst certainly irrespective of the degradation state of a catalyst 
for a short time, the effect that useless catalyst warming-up operation can be prevented from being 
performed is done so. 
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TECHNICAL FIELD 

[Industrial Application]This invention relates to the exhaust emission control device which can perform 
suitable catalyst warming-up operation according to the grade of degradation of a three way component 
catalyst in detail about the exhaust emission control device of an internal-combustion engine. 
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PRIOR ART 

[Description of the Prior Art]The exhaust emission control device of the internal-combustion engine which 
has arranged the catalytic converter which used for the flueway of the internal-combustion engine 
simultaneously the three way component catalyst which can be purified for HC under exhaust air, CO, and 
three detrimental constituents of NO x is used more widely than before. Generally, unless the three way 

component catalyst used for the above exhaust emission control devices becomes the temperature beyond 
a certain temperature (activation temperature), it does not demonstrate exhaust-air-purification capability. 
For this reason, warming-up operation of what is called a catalyst of raising the temperature of the exhaust 
air which passes a catalyst by carrying out the angle of delay of the organization ignition timing, for example 
or other means, and making catalyst temperature reaching activation temperature at an early stage is 
performed at the time of start up between the organization colds, etc. 

[0003]On the other hand, the activation temperature of a catalyst always is not constant, and with a new 
catalyst, in order for active temperature to show the tendency to go up as activation temperature is 
comparatively low and degradation of a catalyst progresses, it is necessary to perform warming-up operation 
of the above-mentioned catalyst according to the deterioration degree of a catalyst. For example, to JP.60- 
153473, A. Catalyst temperature is detected, and when this catalyst temperature is below the prescribed 
temperature defined beforehand, while carrying out the angle of delay of the organization ignition timing and 
performing catalyst warming-up operation, the exhaust emission control device of the internal-combustion 
engine it was made to raise the above-mentioned prescribed temperature along with the increase in the 
cumulative operating time of an organization is indicated. 

[0004]Since it is thought that the deterioration degree of a catalyst advances as a hour of use, i.e., the 
cumulative operating time of an organization, increases, the activation temperature of a catalyst is also 
considered to become high as organization cumulative operating time increases. It sets up beforehand 
become high in the device of the above-mentioned gazette, as organization cumulative operating time 
increases said prescribed temperature, When the actually detected catalyst temperature is below the above- 
mentioned prescribed temperature, catalyst warming up by the ignition-timing angle of delay is performed as 
what the catalyst is not activating and catalyst temperature becomes more than the above-mentioned 
prescribed temperature, it is made to suspend catalyst warming up as what the catalyst activated. 
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EFFECT OF THE INVENTION 

[Effect of the InventionJIn this invention, only when direct detection of the existence of activation of a catalyst 
was carried out as mentioned above and a catalyst was in a non-active state, it was made to perform 
catalyst warming-up operation. 

Therefore, while being able to activate a catalyst certainly irrespective of the degradation state of a catalyst 
for a short time, the effect that useless catalyst warming-up operation can be prevented from being 
performed is done so. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the InventionjHowever, judgment whether catalyst temperature reached the 
prescribed temperature determined based on the cumulative operating time of an organization like the 
device of above-mentioned JP,60-153473,A and whether the catalyst was activated with the chisel may 
produce a problem actually. That is, since the activation temperature of a catalyst is not determined by only 
the hour of use and changes the degradation state of a catalyst with the condition of use of an organization, 
or dispersion for every product, even if it is the same hour of use (cumulative operating time), the activation 
temperature of a catalyst may not necessarily be in agreement. For this reason, if the existence of the 
activity of a catalyst is judged [ whether catalyst temperature reached prescribed temperature and ] with the 
chisel like the device of the above-mentioned gazette, In spite of fully not activating the catalyst actually, 
catalyst warming-up operation will stop, and activation of a catalyst is overdue, and exhaust property gets 
worse, or, Since the catalyst warming-up operation by the ignition-timing angle of delay is continued in spite 
of fully activating the catalyst actually, problems, such as a fall of an engine output and fuel consumption 
increase, arise. 

[0006]ln order to solve this problem, it is necessary to detect the existence of activation of a catalyst 
indirectly using catalyst temperature etc., but to detect the existence of activation of a catalyst directly, and 
to control warming-up operation of a catalyst based on this detection result. An object of this invention is to 
provide the exhaust emission control device of the internal-combustion engine which direct detection of the 
existence of activation of a catalyst is carried out, and can perform catalyst warming-up operation in view of 
the above. 
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MEANS 

[Means for Solving the Problem]An upstream air fuel ratio sensor which according to this invention is formed 
in an upstream flueway of a three way component catalyst provided in a flueway of an internal-combustion 
engine, and this three way component catalyst, and detects an exhaust air fuel ratio of the three way 
component catalyst upstream, A downstream air fuel ratio sensor which is formed in a downstream flueway 
of said three way component catalyst, and detects an exhaust air fuel ratio of the three way component 
catalyst downstream, An air-fuel ratio control means which controls an air-fuel ratio of said organization 
based on said upstream air-fuel ratio sensor output at least, A catalyst non-active-state detection means to 
detect that said three way component catalyst is in a non-active state based on said upstream air-fuel ratio 
sensor output and said downstream air-fuel ratio sensor output, When it is detected a catalyst temperature- 
up means to raise temperature of said three way component catalyst, and that said three way component 
catalyst is in a non-active state, an exhaust emission control device of an internal-combustion engine 
provided with a catalytic activation means to perform operation of controlling said three way component 
catalyst temperature-up means, and raising temperature of said three way component catalyst is provided. 
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OPERATION 

[FunctionJIt detects that a catalyst non-active-state detection means has a three way component catalyst in 
a non-active state based on an upstream air-fuel ratio sensor output and a downstream air-fuel ratio sensor 
output, and a catalytic activation means warms up a catalyst, only when it is detected by a catalyst non- 
active-state detection means that a catalyst is in a non-active state. For this reason, when the catalyst is not 
actually being activated irrespective of catalyst temperature, warming-up operation is performed, and since 
warming-up operation is suspended when a catalyst is actually activated, suitable warming-up operation is 
performed according to the deterioration degree of a catalyst. 
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EXAMPLE 

[Example]Hereafter, the example of this invention is described using an accompanying drawing. Drawing 1 
is the whole internal-combustion engine schematic diagram which applied the exhaust emission control 
device of this invention. In drawing 1 , the airflow meter with which provide 1 in an internal combustion 
engine body, 2 was provided in the suction passage, and 3 was provided in the suction passage is shown. 
Direct measuring of the suction air quantity is carried out, the movable vane type air flow meter etc. which 
contained the potentiometer are used, and the air flow meter 3 generates the output signal of the analog 
voltage proportional to suction air quantity. This output signal is inputted into A/D converter 101 with a built- 
in multiplexer of the control circuit 10. The crank angle sensor 5 which converts into a crank angle and 
generates the pulse signal for reference position detection every 720 degrees, and the crank angle sensor 6 
which converts into a crank angle and generates the pulse signal for crank angle detection every 30 degrees 
are formed for the axis in the distributor 4, respectively. The pulse signal of these crank angle sensors 5 and 
6 is supplied to the input/output interface 102 of the control circuit 10, among these the output of the crank 
angle sensor 6 is supplied to the interruption terminal of CPU 103. 

[0010]The fuel injection valve 7 for supplying application-of-pressure fuel to an inlet port from a fuel supply 
system for every cylinder is formed in the suction passage 2. The idle switch 17 which generates the signal 
which shows whether the throttle valve 16 is in a full-close state, i.e., LL signal, is formed in the throttle valve 
16 of the suction passage 2. This idol status-out-put signal LL is supplied to the input/output interface 102 of 
the control circuit 10. 

[001 1]ln this example, the bypass channel 21 which bypasses the throttle valve 16, and the idle speed 
control valve (ISC valve) 22 which controls the air content which flows through this bypass channel 21 are 
formed in the suction passage 2. It is used for ISC valve 22 being a flow control valve driven with the 
actuator of proper forms, such as a stepper motor, operating with the output signal from the control circuit 
10, adjusting the engine intake air quantity at the time of an idol, and controlling the idle rpm of an 
organization to target revolving speed. 

[0012]ln this example, ISC valve 22 functions by raising organization idle rpm also as a part of catalyst 
temperature-up means to increase the amount of exhaust streams and to raise catalyst temperature, when 
the catalyst is not being activated like the after-mentioned. The water temperature sensor 9 for detecting the 
temperature of cooling water is formed in the engine water jacket 8 of the cylinder block of the main part 1 of 
an organization. The water temperature sensor 9 generates the electrical signal of the analog voltage 
according to the temperature of cooling water. This output is also supplied to A/D converter 101. 



[0013]The catalytic converter 12 which accommodates the three way component catalyst which purifies 
simultaneously the three detrimental constituents HC and CO and NO x in exhaust gas is formed in the 
downstream exhaust system from the exhaust manifold 1 1 of the organization 1 . The upstream air fuel ratio 
sensor (this example 0 2 sensor) 13 and the downstream air fuel ratio sensor (this example 0 2 sensor) 15 
are formed in the exhaust manifold 1 1 of the upstream of the catalytic converter 12, and the exhaust pipe 14 
of the downstream of the catalytic converter 12, respectively. 

[0014]The 0 2 sensors 13 and 15 detect the oxygen component concentration in exhaust gas, and generate 
the output voltage from which an air-fuel ratio differs according to the Lean side and a rich side to theoretical 
air fuel ratio. The output voltage of the 0 2 sensors 13 and 15 is supplied to A/D converter 101 of the control 

circuit 10. It is the secondary air introduction inlet valve which 18 showed to drawing 1 , and is for supplying 
secondary air to the exhaust manifold 1 1 from air supplies, such as an air pump which is not illustrated at 
the time of a slowdown or an idol, etc., and reducing HC and CO emission. 

[0015]The control circuit 10 is constituted, for example as a microcomputer, and ROM104, RAMI 05, backup 
RAM 106, and clock generation circuit 107 grade other than A/D-converter 101, input/output interface 102, 
and CPU103 are provided. In this example, the control circuit 10 performs basic control, such as fuel 
injection control of the organization 1, and ignition timing control, and also. The function as each means 
indicated to claims 1, such as an air-fuel ratio control means which controls an engine air fuel ratio like the 
after-mentioned, a catalyst non-active-state detection means to detect whether the catalyst 12 is in an active 
state, and a catalytic activation means to control the angle of delay and ISC valve 22 of organization ignition 
timing, and to perform catalyst warming up, is achieved. 

[0016]ln the control circuit 10, it is for the down counter 108, the flip-flop 109, and the drive circuit 110 
controlling the fuel injection valve 7. That is, in the below-mentioned routine, if the fuel oil consumption 
(injection time) TAU calculates, the injection time TAU will be preset by the down counter 108, and the flip- 
flop 109 will be set. As a result, the drive circuit 110 starts energization of the fuel injection valve 7. On the 
other hand, when the down counter 108 calculates a clock signal (not shown) and the output terminal is set 
to "1" level at the last, the flip-flop 109 is set and the drive circuit 110 stops energization of the fuel injection 
valve 7. That is, as for the fuel injection valve 7, only the above-mentioned fuel injection duration TAU will be 
energized, and the fuel of quantity according to the time TAU will be supplied to the combustion chamber of 
the organization 1 . 

[0017]The input/output interface 102 of the control circuit 10 is connected to the firing circuit 112. 
Ignition timing of the organization 1 is controlled. 

That is, after inputting the reference crank angle pulse signal of the crank angle sensor 6 into the 
input/output interface 102, the control circuit 10 outputs an ignition signal to the firing circuit 112, whenever a 
crankshaft reaches predetermined angle of rotation, and it makes the spark plug (not shown) of each 
cylinder generate a spark. Ignition timing of the organization 1, the optimum value is stored in ROM104 of 
the control circuit 10 as a function of operating conditions, such as load (for example, suction air quantity per 
organization 1 rotation), and number of rotations. 

The optimal ignition timing is determined according to an operating condition. 



[0018]The intake air content data and cooling-water-temperature data of the air flow meter 3 are 



incorporated by the A/D conversion routine performed for every predetermined time or specified crank angle, 
and are stored in the predetermined region of RAMI 05. That is, the intake air content data and cooling- 
water-temperature data in RAMI 05 are updated for every predetermined time, rotational speed data - 30- 
degreeCA (crank angle) of the crank angle sensor 6 - each time - it calculates by interruption and is stored 
in the predetermined region of RAMI 05. 

[0019]ln this example, the control circuit 10 performs the 1st Air Fuel Ratio Control that controls an engine 
air fuel ratio based on upstream 0 2 sensor 13 output, and the 2nd Air Fuel Ratio Control that amends this 
1st Air Fuel Ratio Control based on downstream 0 2 sensor 15 output. Hereafter, this the 1st and 2nd Air 
Fuel Ratio Control that are performed by the control circuit 10 using drawing 6 from drawing 2 are explained. 

r0020] Drawing 2 and drawing 3 show the 1st air-fuel ratio feedback control routine that calculates the air-fuel 
ratio correction factor FAF based on the output of the upstream 0 2 sensor 13. This routine is performed 4 
ms of predetermined time, for example, every. In Step 201, it is distinguished whether the closed-loop 
(feedback) conditions of the air-fuel ratio by the upstream 0 2 sensor 13 are satisfied. When cooling water 
temperature is below a predetermined value (for example, 70 **), for example, under organization start up, 
During the increase in quantity after start up, warming-up increase in quantity, and power increase in 
quantity, during the fuel-oil-consumption increase in quantity for catalyst overheat prevention, when the 
output signal of the upstream 0 2 sensor 13 is not once reversed, each fuel cut middle class has abortive 
closed-loop conditions, and the case of others is closed-loop condition formation. When closed-loop 
conditions are abortive, it progresses to drawing 3 and Step 225, and the air-fuel ratio feedback flag XMFB 
is set to "0", it progresses to Step 226, and a routine is ended. It is good also considering the air-fuel ratio 
correction factor FAF as 1.0. On the other hand, in closed-loop condition formation, it progresses to Step 
202. 

[0021 ]or [ that carry out the A/D conversion of the output VOM of the upstream 0 2 sensor 13, incorporate it 
in Step 202, and an air-fuel ratio is rich by whether VOM is below comparison voltage V R1 at Step 203 ] - it 
is distinguished whether you are Lean. Comparison voltage V R1 usually takes the voltage of the amplitude 
center of 0 2 sensor output, and is V R1 =0.45V in this example. Steps 204-209 and Steps 210-215 show the 
setting operation of FU air-fuel ratio flag F1 based on the value of upstream 0 2 sensor 13 output judged at 
Step 203. 

[0022]Air-fuel ratio flag F1 is a flag with which the exhaust air fuel ratio of the catalyst 12 upstream shows 
Rich or Lean. 

the value of flag F1 -- countdown (at the time of a lean air fuel ratio) or count-up (at time of rich air fuel ratio) 
operation of the delay counter CDLY - a time delay (TDL.) predetermined in upstream (Steps 206 and 212) 
0 2 sensor 13 output More than TDR is changed into 1 (rich)-O (Lean), or 0-1, when rich or it is held at Lean 

(Steps 207-209, Steps 213-215). 

TDL (Steps 207 and 208) is the Lean time delay for holding judgment that it is a rich condition even if the 
output of the upstream 0 2 sensor 13 changes from Rich to Lean here, It defines as a negative value, and 



TDR (Steps 213 and 214) is a rich time delay for holding judgment that it is in the Lean state, even if the 
output of the upstream 0 2 sensor 13 changes from Lean richly, and it is defined by the positive value. 
[0023]Next, in Step 216, it is distinguished whether the air-fuel ratio whether the numerals of air-fuel ratio 
flag F1 were reversed and after delay processing was reversed. If the air-fuel ratio is reversed, the reversal 
to Lean from Rich and the reversal to Rich from Lean will be distinguished with the value of air-fuel ratio flag 
F1 at Step 217. If it is reversal to Lean from Rich, the air-fuel ratio correction factor FAF will be increased in 
skip with FAF<-FAF+RSR at Step 218, and an air-fuel ratio will be amended to a rich side. If it is reversal to 
Rich from Lean conversely, at Step 219, FAF<-FAF-RSL and FAF will be decreased in skip, and an air-fuel 
ratio will be amended to the Lean side. That is, skip processing is performed. 

[0024]lf the numerals of air-fuel ratio flag F1 are not reversed at Step 216, integration treatment is performed 
at Step 220,221,222. That is, it distinguishes whether it is F1= "1" at Step 220, if it is F1= "0" (Lean), it will be 
considered as FAF<-FAF+KIR at Step 221, and if it is another side and F1= "1" (rich), it will be considered 
as FAF<-FAF-KIL at Step 222. Here, the constant of integration KIRKIL is set up small enough as compared 
with the skip amount RSRRSL, and is KIR(KIL) <RSR (RSL). Therefore, Step 221 makes an air-fuel ratio 
shift to a rich side gradually in the state of Lean (F1= "0"), and Step 222 makes an air-fuel ratio shift to the 
Lean side gradually in a rich condition (F1= "1"). 

[0025]Next, in Step 223, the air-fuel ratio correction factor FAF calculated at Step 218,219,221,222 is 
guarded at the minimum, for example, 0.8, and is guarded at the maximum, for example, 1 .2. When the air- 
fuel ratio correction factor FAF becomes large too much by a certain cause or it becomes small too much by 
this, it prevents controlling the air-fuel ratio of an organization by the value, and becoming the Oba richness 
and Oba Lean. 

[0026]ln Step 224, the air-fuel ratio feedback flag XMFB is set to "1", FAF calculated like **** is stored in 
RAM 105, and this loop is ended at Step 226. Next, the case where this invention is applied to the double 0 2 
sensor system which performs feed back control of air-fuel ratio using both output VOM of the upstream 0 2 
sensor 13 and output VOS of the downstream 0 2 sensor 15 is explained. 

r00271 Drawing 4 is d rawing 2 and a timing diagram which explains supplementarily operation by the flow 
chart of drawing 3 . If air-fuel ratio signal A/F of richness and the Lean distinction is obtained as output VOM 
of the upstream 0 2 sensor 13 shows to drawing 4 (A), as shown in drawing 4 (B), the delay counter CDLY 
will be counted up by a rich condition, and will be counted down in the state of Lean. As a result, as shown 
in drawing 4 (C), air-fuel ratio signal A/F' (equivalent to flag F1) by which delay processing was carried out is 
formed. For example, even if air-fuel ratio signal A/F changes from Lean richly in time t v air-fuel ratio signal 
A/F' by which delay processing was carried out changes richly at time t 2 , after only rich time delay TDR is 
held at Lean. Even if air-fuel ratio signal A/F changes from Rich to Lean in time t 3 , air-fuel ratio signal A/F' by 
which delay processing was carried out changes to Lean in time t 4 , after only an equivalent for the Lean 
time delay (-TDL) is held richly. However, if air-fuel ratio signal A/F' is reversed in the period shorter than rich 
time delay TDR like the time t g t g and t y , Time is taken for the delay counter CDLY to reach maximum TDR, 

and, as a result, air-fuel ratio signal A/F' after delay processing is reversed in time t g . That is, air-fuel ratio 
signal A/F' after delay processing becomes stable compared with air-fuel ratio signal A/F before delay 



processing. Thus, the air-fuel ratio correction factor FAF shown in drawing 4 (D) based on stable air-fuel 
ratio signal A/F' after delay processing is obtained. 

[0028]Next, the 2nd feed back control of air-fuel ratio by the downstream 0 2 sensor 15 is explained. As the 
2nd feed back control of air-fuel ratio, the skip amount RSR as 1st air-fuel ratio feedback control parameter, 
RSL, There are a system which makes variable comparison voltage V R1 of output VOM of the constant of 
integration KIR, KIL, the time delays TDR and TDL, or the upstream 0 2 sensor 13, and a system which 
introduces air-fuel ratio correction factor FAFof ** 2nd2. 

[0029]For example, if a control air-fuel ratio can be shifted to a rich side and another side and the Lean skip 
amount RSL are enlarged even if a control air-fuel ratio can be shifted to a rich side and it will make the 
Lean skip amount RSL small, if the rich skip amount RSR is enlarged, A control air-fuel ratio can be shifted 
to the Lean side, and even if it makes the rich skip amount RSR small, a control air-fuel ratio can be shifted 
to the Lean side. Therefore, an air-fuel ratio is controllable by amending the rich skip amount RSR according 
to the output of the downstream 0 2 sensor 15. If a control air-fuel ratio can be shifted to a rich side and 
another side and the Lean constant of integration KIL are enlarged even if a control air-fuel ratio can be 
shifted to a rich side and it will make the Lean constant of integration KIL small, if the rich constant of 
integration KIR is enlarged, A control air-fuel ratio can be shifted to the Lean side, and even if it makes the 
rich constant of integration KIR small, a control air-fuel ratio can be shifted to the Lean side. Therefore, an 
air-fuel ratio is controllable by amending the rich constant of integration KIR and the Lean constant of 
integration KIL according to the output of the downstream 0 2 sensor 15. If the Lean time delay (-TDL) is set 
up small greatly [ TDR / rich time delay ], the control air-fuel ratio can shift to a rich side, and if a rich time 
delay (TDR) is set up small greatly [ time delay / (-TDL) / Lean ] conversely, the control air-fuel ratio can shift 
to the Lean side. That is, an air-fuel ratio is controllable by amending the time delays TDR and TDL 
according to the output VOS of the downstream 0 2 sensor 15. If comparison voltage V R1 is enlarged, a 

control air-fuel ratio can be shifted to a rich side further again, and if comparison voltage V R1 is made small, 

a control air-fuel ratio can be shifted to the Lean side. Therefore, an air-fuel ratio is controllable by amending 

comparison voltage V R1 according to the output VOS of the downstream 0 2 sensor 15. 

[0030] Making variable these skip amounts, a constant of integration, a time delay, and comparison voltage 

by a downstream 0 2 sensor has the strong point in each. For example, adjustment of a very delicate air-fuel 

ratio is possible by making a time delay variable, and good control of a response is possible, without 

lengthening the feedback period of an air-fuel ratio like a time delay by making a skip amount variable. 

Therefore, naturally these two or more variable quantity is put together, and may be used. 

[0031]Next, the. double 0 2 sensor system which made variable the skip amount as an air-fuel ratio feedback 

control parameter is explained. Drawing 5 and drawing 6 are the 2nd [ based on the output VOS of the 
downstream 0 2 sensor 15 ] air-fuel ratio feedback control routine, and are performed 512 ms of 

predetermined time, for example, every. In Steps 501-506, it is distinguished whether it is an article affair in 
which the closed-loop-control conditions by downstream 0 2 sensor 15 output are satisfied. For example, it is 

adding to the failure (Step 501) of the closed-loop conditions by the upstream O 2 sensor 13, When the 



cooling water temperature THW is below a predetermined value (for example, 70 **) (Step 502), When the 
throttle valve 16 is full close (LL= "1") (Step 503), When secondary air is introduced based on revolving 
speed N e , the vehicle speed, signal LL of the idle switch 17, the cooling water temperature THW, etc. (Step 
504), At the time of a light load (when suction-air-quantity Q/N e per organization 1 rotation is smaller than 
predetermined value X J (Step 505). Closed-loop conditions have an abortive time (Step 506) of the 
downstream 0 2 sensor 15 not being activated, etc., and the case of others is closed-loop condition 
formation. If it is closed-loop condition failure, it will progress to Step 519 and the air-fuel ratio feedback flag 
XSFB will be reset ("0"), if it is closed-loop condition formation, it will progress to Step 508 and the air-fuel 
ratio feedback flag XSFB will be set ("1"). 

[0032]The flow of Steps 509-518 is explained, or [ with a rich air-fuel ratio / that Step 509 carries out the AID 
conversion of the output VOS of the downstream 0 2 sensor 15, incorporates it, and distinguishes whether 

VOS is below comparison voltage V R2 (for example, V R2 =0.55V) at Step 510 / which is got blocked ] - it is 
distinguished whether you are Lean. Although comparison voltage V R2 is set up in the upper stream of the 
catalytic converter 12, and the lower stream in consideration of it differing from degradation speed that the 
output characteristics under the influence of raw gas differ etc. more highly than comparison voltage V R1 of 
the output of the upstream 0 2 sensor 13, this setting out may be arbitrary. As a result, if it is VOS<=V R2 
(Lean), it will progress to Steps 51 1 and 512,513, and if it is VOS>V R2 (rich), it will progress to Step 
514,515,516. Namely, it is referred to as RSR<-RSR+delta RS (deltaRS is constant value) in Step 51 1, That 
is, increase the rich skip amount RSR, make an air-fuel ratio shift it to a rich side, and in Step 512,513. 
Guard RSR at the maximum MAX (=0.075) and it is referred to as RSR<-RSR-delta RS at another side and 
Step 514, That is, decrease the rich skip amount RSR, an air-fuel ratio is made to shift to the Lean side, and 
RSR is guarded at the minimum MIN (=0.025) by Step 515,516. The minimum MIN is a value of the level 
with which transient flattery nature is not spoiled, and the maximum MAX is a value of the level which 
aggravation of drivability does not generate by air fuel ratio fluctuation. 

[0033]The Lean skip amount RSL is set to RSL<-0.1-RSR in Step 517. That is, it is referred to as 
RSR+RSL=0.1. In Step 518, the skip amount RSRRSL is stored in RAM105, it progresses to Step 520, and 
a routine is ended. 

[0034] Drawing 7 is an injection-quantity operation routine, and is performed 360 degrees of a specified 
crank angle, for example, every. In Step 701, from RAMI 05, intake-air-content-data Q and rotational-speed- 
data N g are read, and the basic injection quantity TAUP (injection time when TAUP obtains theoretical air 
fuel ratio) is calculated. For example, it is considered as TAUP<-alpha-Q/N (alpha is a constant). In Step 
702, the last injection quantity TAU is calculated by TAU<-TAUP-FAF-beta+gamma. beta and gamma are 
correction amounts which become settled with other operational status parameters. Subsequently, the 
injection quantity TAU is set to the down counter 108, and the flip-flop 109 is set and fuel injection is made to 
start at Step 703. And this routine is ended at Step 704. 

[0035]lf time to be equivalent to the injection quantity TAU like **** passes, with the output signal of the 
down counter 108, the flip-flop 109 will be reset and fuel injection will be ended. Next, catalyst warming-up 



control of this example is explained. In this example, the catalyst 12 is being activated based on the 
upstream 0 2 sensor 13 and the downstream 0 2 sensor 15, or (is exhaust-air-purification capability 
demonstrated?) the control circuit 10 judges whether it is no so that it may mention later, When the catalyst 
12 is judged to be in a non-active state, while carrying out the angle of delay of the ignition timing, the 
opening of above-mentioned ISC valve 22 is made to increase. 

[0036]By carrying out the angle of delay of the organization ignition timing, in order for combustion in each 
cylinder to arise near the exhaust stroke, an exhaust-gas temperature rises, by making the opening of ISC 
valve 22 increase further, engine intake air quantity increases and exhaust gas volume increases. For this 
reason, the temperature of the exhaust gas which flows into the catalyst 12 rises, and since an exhaust gas 
flow rate moreover also increases, warming up of the catalyst 12 is promoted. If the temperature of the 
catalyst 12 rises by the above-mentioned warming-up operation and the catalyst 12 is activated, the control 
circuit 10 will set the opening of ISC valve 22 as the optimal opening which becomes settled according to 
operational status while it carries out the tooth lead angle of the organization ignition timing and setting it as 
optimal ignition timing. When the catalyst 12 is activated and a normal exhaust-air-purification operation is 
started by this, ignition timing and ISC valve 22 opening will usually return to the value at the time of 
operation promptly. 

[0037] Hereafter, catalyst warming-up control of this example is divided into the determining operation of the 
active state of ** catalyst, and warming-up operation of ** catalyst, and is explained. 
[0038]** Judge whether the catalyst 12 is in an active state using 0 2 storage operation of the catalyst 12 in 
determining operation this example of a catalytic activity state. That is, 0 2 storage operation which emits the 
oxygen to which it stuck when the three way component catalyst adsorbed surplus oxygen under exhaust air 
when an exhaust air fuel ratio is generally Lean and the exhaust air fuel ratio became rich is performed. If 
feedback control of the organization 1 is carried out as mentioned above based on the output of the 0 2 
sensors 13 and 15, As shown in drawing 4 , an engine air fuel ratio (FAF) will be periodically changed 
between a rich air fuel ratio and a lean air fuel ratio, and the air-fuel ratio of the exhaust air which flows into a 
catalyst will also be periodically changed between a rich air fuel ratio and a lean air fuel ratio. When a 
catalyst is activated and it is functioning normally, When the air-fuel ratio of the flowing exhaust air sways to 
the Lean side by above-mentioned 0 2 storage operation, a catalyst is adsorbed in oxygen of the surplus 
under exhaust air, Since the adsorbed oxygen is emitted to exhaust air when the air-fuel ratio of the flowing 
exhaust air sways to a rich side, the air fuel ratio fluctuation of the exhaust air which passed the catalyst 
becomes small, and is maintained near the theoretical air fuel ratio. 

[0039] However, since 0 2 storage operation of the catalyst 12 falls when a catalyst is in a non-active state 
and is not functioning normally, the air fuel ratio fluctuation of the exhaust air which passed the catalyst 
becomes large, and it comes to change it periodically in connection with the air fuel ratio fluctuation of the 
exhaust air which flows into a catalyst. Therefore, it is correctly detectable by measuring upstream 0 2 
sensor 13 output and downstream 0 2 sensor 15 output whether the catalyst 12 is being activated. 
f0Q40] Drawing 8 (A) (B) shows change of the 0 2 sensor 13 output VOM [ of the catalyst 12 upstream of air- 
fuel ratio feedback system Messrs. ], and downstream 0 2 sensor 15 output VOS, Drawing 8 (A) About the 



case where the catalyst 12 is activated and it is functioning normally, it is drawing 8 (B). The case where the 
catalyst 12 is in a non-active state is shown, respectively. As air-fuel ratio feedback system Messrs. were 
shown in drawing 4 , in order that change may be repeated periodically [ an engine air fuel ratio ] between a 
rich air fuel ratio and a lean air fuel ratio, Upstream 0 2 sensor 13 output VOM will also repeat a periodic 
change between a rich air fuel ratio equivalent output (for example, 0.9 volt) and a lean air fuel ratio 
equivalent output (for example, 0.1 volt) (refer to drawing 8 (A) (B) VOM). 

[0041 ]On the other hand, when the catalyst 12 is in an active state and is functioning normally, Since the air 
fuel ratio fluctuation of the exhaust air which passed the catalyst is eased by 0 2 storage operation of the 
catalyst 12, Even if it is changing the exhaust air fuel ratio of the catalyst upstream, the exhaust air fuel ratio 
of the catalyst downstream is maintained by abbreviated theoretical air fuel ratio, and the downstream 0 2 
sensor 15 output VOS is changed in between a rich side and the Lean sides a long cycle (refer to drawing 8 
(A) VOS). In this state, it is drawing 8 (A). The locus length of the downstream 0 2 sensor 15 output VOS is 
comparatively small, and the area of the portion surrounded by the output VOS and reference voltage V R2 is 
comparatively large so that it may be shown. 

[0042]When the catalyst 12 is in a non-active state, The exhaust air fuel ratio of the catalyst 12 downstream 
comes to repeat the same periodic change with exhaust air fuel ratio change of the upstream for the fall of 
0 2 storage operation of the catalyst 12, The downstream 0 2 sensor 15 output VOS comes (refer to drawing 

8_(B)) to repeat the same change as upstream 0 2 sensor 13 output VOM. In this state, it is drawing 8 (B). 

The locus length of the downstream 0 2 sensor 15 output VOS becomes comparatively large, and the area 

of the portion surrounded by the output VOS and reference voltage V R2 becomes comparatively small so 

that it may be shown. 

[0043]ln this example, the control circuit 10 The ratio of locus length LVOS of the downstream 0 2 sensor 15 
output VOS, and locus length LVOM of upstream 0 2 sensor 13 output VOM, LRATIO 
(LRATIO=LVOS/LVOM) - and, The area ARATIO (ARATIO=AVOS/AVOM) surrounded by the area AVOS 
and upstream 0 2 sensor 13 output VOM which are surrounded by the downstream 0 2 sensor 15 output 

VOS and reference voltage V R2 , and reference voltage V R1 is calculated, When LRATIO and ARATIO have 
a fixed relation, it is judged that the catalyst 12 is in a non-active state. 

[0044]That is, the catalyst 12 will be from a non-active state in an active state, the locus length ratio LRATIO 
becomes small as the exhaust-air-purification capability of a catalyst increases, and the surface ratio 
ARATIO becomes large conversely. Then, in this example, when the relation between the locus length ratio 
LRATIO and the surface ratio ARATIO is in the field shown with the slash of drawing 9 using a judgment 
map as shown in drawing 9 , it is judged that the catalyst 12 is in a non-active state. 
[0045]The locus length ratio LRATIO which broke the locus length and area of the downstream 0 2 sensor 

15 output VOS by this example in the locus length and area of upstream 0 2 sensor 13 output VOM, 

respectively. ARATIO is used in order to eliminate the influence by change of the engine air fuel ratio upset 
condition by operational status and to judge catalytic activation correctly. In the judgment map of drawing 9 , 
when the locus length ratio LRATIO is below a predetermined value (K1), have judged with the catalyst 



having been activated irrespective of the value of the surface ratio ARATIO, but. If the catalyst is being 
activated when the engine air fuel ratio is controlled by small amplitude focusing on theoretical air fuel ratio, 
this, It is because it has a possibility of producing incorrect judgment when the exhaust air fuel ratio of the 
catalyst downstream stops almost changing, been in agreement with theoretical air fuel ratio, and becomes 
very small [ AVOS and AVOM ] and activation is judged based on ARATIO. 

[00461 Drawing 10 to drawing 13 is a flow chart which shows the routine of the above-mentioned catalytic 
activation judgment performed by the control circuit 10. This routine is performed 4 ms of fixed time, for 
example, every, it is judged [ drawing 10 and ] whether if it comes out and a routine starts, the conditions for 
a catalytic activation judging will be satisfied in Steps 1001-1004. Here, the conditions for a judgment are 
(1). The 1st Air Fuel Ratio Control by upstream 0 2 sensor 13 output is carried out, Namely, the thing for 
which the value of the flag XMFB ( drawing 2 , Steps 224 and 225) is set to 1 (Step 1001), (2) It is not 
detected that the output of the upstream 0 2 sensor 13 has stopped at the Lean side by RIN monitor beyond 
in predetermined time (Step 1002), (3) It is not detected that upstream 0 2 sensor 13 output has stopped at a 
rich side by rich monitor beyond in predetermined time (Step 1003), (4) The 2nd Air Fuel Ratio Control by 
downstream 0 2 sensor 15 output is carried out, That is, it is that the value of the flag XSFB ( drawing 5 , 
Steps 508 and 519) is set to 1 (Step 1004) etc., and only when all the above-mentioned conditions are 
satisfied, a 1005 or less-step catalytic activation judging is performed. 

[0047]The above-mentioned conditions (2) Having provided (3), Even if it is [ feed-back-control-of-air-fuel- 
ratio ] under execution by upstream 0 2 sensor 13 output, it is because a value with the effective area AVOM 
may not be obtained if it is changing while upstream 0 2 sensor 13 output VOM had inclined toward the Lean 
and rich side. When all of the above-mentioned conditions are materialized, it progresses to drawing 1 1 and 
Step 1005, and the locus length LVOM and the area AVOM of upstream 0 2 sensor 13 output calculate a 

routine by the following formulas. 
[0048] 

LVOM <- LVOM+|VOM - VOM M | AVOM <- AVOM+|VOM - V R1 | - here, VOM. ., shows the value of VOM at 
the time of routine execution last time. That is, in this example, from change of upstream 0 2 sensor 13 
output VOM for every routine execution, as shown in drawing 13 , the locus length LVOM and the area 
AVOM are approximately determined as an integral value. Drawing 13 shows the case where an actually 
more quite long sampling period is taken to change of a sensor output, for explanation. In order to calculate 
locus length and area correctly, it may be made to calculate locus length and area in consideration of the 
waveform (inclination) of an output locus. 

[0049]Subsequently, in Step 1006, the locus length LVOS and the area AVOS of downstream 0 2 sensor 15 
output calculate by the following formulas like the above. 

At LVOS <- LVOS+|VOS - VOS. ^ AVOS <- AVOS+|VOS - V R2 | and Step 1007, the value of VOM M and 
VOS. 1 is updated in preparation for next routine execution. 

[0050]After the above-mentioned operation, while it progresses to drawing 12 and Step 1009 and a routine 
counts up the counter CTIME, at Step 1010, it is judged whether the value of CTIME exceeded 



predetermined value C Q . Here, when C Q judges catalytic activation, it is the routine repeat frequency 
equivalent to the time which can obtain significant locus length and area. It is needed that it is more than 
several times of the richness of upstream 0 2 sensor 13 output and the number of times of reversal between 
Lean at least, and such an exact activation judging of this time is attained that this time is long. 
[0051]When the above-mentioned time has passed at Step 1010, the locus length ratio L RATIO and the 
surface ratio ARATIO are calculated as LRATIO <- LVOS/LVOMARATIO <- AVOS/AVOM at Step 1011. 
[0052]Subsequently, at Steps 1012-1014, it is judged whether the catalyst 12 is being activated from the 
relation shown in drawing 9 using the locus length ratio LRATIO and the surface ratio ARATIO which were 
calculated by the above. That is, at Step 1012, it is judged whether the locus length ratio LRATIO is more 
than predetermined value K1 (refer to drawing 9 ), since it will be thought that the catalyst 12 is being 
activated if it is LRATIO<K1 , it progresses to Step 1014 and the value of catalytic activity status-flags FACT 
is set as 1 . 

[0053]moreover -- progressing to Step 1012, if it is LRATIO>=K1 - the ratio of the locus length ratio LRATIO 
and the surface ratio ARATIO - it is judged whether the value of LRATIO/ARATIO is more than 
predetermined value K2 (refer to drawing 9 ). If it is LRATIO/ARATIO<K2, if the relation between the locus 
length ratio LRATIO and the surface ratio ARATIO is not contained in the slash field of drawing 9 , Since it 
will be thought that a catalyst is in a non-active state if the value of the flag FACT is set as 1 at Step 1 014 
like the above and it is in LRATIO/ARATIO>=K2, i.e., the slash field of drawing 9 , the value of the flag FACT 
is set as zero at Step 1013. Variables, such as CTIME, LVOM, AVOM, LVOS, AVOS, VOM M , and VOS. v 
are cleared at the after-end step 1015, and this routine ends the above-mentioned step. 
[0054]** Warming-up operation drawing 14 of the catalyst shows the flow chart of the catalyst warming-up 
operation based on the above-mentioned catalytic activation decision result. This routine is performed by the 
control circuit 10, for example at drawing 12 and an interval shorter than predetermined time C Q of Step 
1010. In drawing 14 , a start of a routine will judge whether the catalyst 12 is being activated from the value 
of the catalytic activation flag FACT at Step 1401. 

[0055]When the catalyst 12 is in a non-active state (FACT=0), while the angle of delay of the organization 
ignition timing (BTDC) AIG is carried out only the predetermined value A1 at Step 1402, opening DISC of 
ISC valve 22 increases only the predetermined value A2 at Step 1403. When the catalyst 12 is being 
activated at Step 1401 (FACT=1), the tooth lead angle of the ignition timing AIG is carried out only A1 at 
Steps 1404 and 1405, and opening DISC of ISC valve 22 decreases only by A2. 
[0056]Subsequently, in Steps 1406-1409, the ignition timing AIG set up by the above is guarded by 
permission maximum angle-of-delay ignition-timing AIG MAX and optimal-ignition-timing AIG ORT of an 
organization. That is, the angle of delay of the ignition timing AIG is not carried out from AIG MAX , and a tooth 
lead angle is not carried out from optimal-ignition-timing AIG QpT . Here, optimal-ignition-timing AIG QpT is a 
value set up by the routine (not shown) separately performed by the control circuit 10 according to engine 
operation conditions. 

[0057]At Steps 1410-1413, ISC valve opening DISC is similarly guarded by allowable maximum opening 
DISC MAX and optimal opening DISC QpT set up according to operational status. Subsequently, at Step 1414, 
the ignition timing AIG and ISC valve opening DISC which were set up by the above are stored in RAMI 05, 



and a routine is ended. 

[0058]When the catalyst 12 is in a non-active state, the specified quantity [ every ] angle of delay of the 
organization ignition timing is carried out for every routine execution by the above-mentioned routine 
execution, and by it, an ISC valve opening increases the specified quantity every. After the temperature of 
the catalyst 12 rises by this and the catalyst 12 is activated, ignition timing and an ISC valve opening, until 
the optimal ignition timing and the optimal opening according to an engine operation state are obtained -- 
every routine execution - respectively - a specified quantity [ every ] tooth lead angle - and it will decrease, 
and after reaching optimal ignition timing and the optimal opening, it will be maintained by the state, 
respectively. 

[0059]ln this example, in order to avoid the abrupt change of ignition timing and an ISC valve opening, set it 
as the variation A1 and the quantity in which A2 is comparatively small, instead have set up the routine 
execution interval comparatively short (at for example, drawing 12 and an interval shorter than 
predetermined time C Q of Step 1010), but. It is also possible to set the variation A1 and A2 as a 
comparatively big quantity, and to set up the real line spacing of this routine comparatively long (at for 
example, interval longer than the above-mentioned C Q ). 

[0060]As mentioned above, since opening increase of the angle of delay of ignition timing and an ISC valve 
is performed and the temperature of a catalyst continues rising when a catalyst is in a non-active state 
according to this example, even when activation temperature rises by degradation of a catalyst, it becomes 
possible to activate a catalyst certainly for a short time. Since the tooth lead angle of ignition timing and ISC 
valve opening reduction are conversely performed after a catalyst is activated, useless catalyst warming-up 
operation is prevented from catalyst warming-up operation always being performed in the necessary 
minimum range, and being performed. 

[0061]When degradation of a catalyst advances substantially, the case where it stops demonstrating 
exhaust-air-purification capability with a sufficient catalyst also by catalyst warming-up operation can be 
considered. Although not shown in drawing 14 , since it is coped with in such a case, it is also possible to 
generate an alarm signal, when the state ( drawing 14 step 1407) where the angle of delay of the ignition 
timing was carried out to the maximum carries out fixed time continuation, and to report the abnormalities of 
a catalyst to a driver. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a schematic diagram showing one example of the internal-combustion engine which applied 
the exhaust emission control device of this invention. 

[Drawing 2] It is a part of flow chart explaining Air Fuel Ratio Control of the internal-combustion engine of this 
example. 

[Drawing 3] It is a part of flow chart explaining Air Fuel Ratio Control of the internal-combustion engine of this 
example. 

[Drawing 4] They are drawing 2 and a timing diagram which gives prehension explanation of the flow chart of 
drawing 3 . 

fDrawing 5] lt is a part of flow chart explaining Air Fuel Ratio Control of the internal-combustion engine of this 
example. 

fDrawing 6] lt is a part of flow chart explaining Air Fuel Ratio Control of the internal-combustion engine of this 
example. 

fDrawing 7] It is a flow chart explaining fuel-oil-consumption operation operation of this example. 
[Drawing 8] It is a timing diagram explaining the catalytic activation judging principle of this example. 
fDrawing 9] lt is a figure showing an example of the map for a catalytic activation judging. 
fDrawing 10] It is a part of flow chart explaining catalytic activation determining operation. 
fDrawing 11] lt is a part of flow chart explaining catalytic activation determining operation. 
fDrawing 12] lt is a part of flow chart explaining catalytic activation determining operation. 
fDrawing 13] It is a figure explaining the locus length and area of 0 2 sensor output. 

fDrawing 14] lt is a flow chart explaining catalyst warming-up operation. 

[Description of Notations] 

1 - Main part of an organization 

3 ~ Air flow meter 

10 -- Control circuit 

12 - Catalytic converter 

13 - Upstream 0 2 sensor 
15 - Downstream 0 2 sensor 
22 - ISC valve 
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